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Certain configurations of the present disclosure present a
PTC starter. The PTC starter includes a housing, a first con-
ductive terminal (6), a second conductive terminal (7), a
control PTC thermistor (3), a start PTC thermistor (4) and a
TRIAC (5), wherein the control PTC thermistor (3), the start
PTC thermistor (4) and the TRIAC (5) being accommodated
in the housing, the start PTC thermistor (4) being connected
in series with the TRIAC (5), wherein one electrode of the
control PTC thermistor (3) is connected with the gate (G) of
the TRIAC (5), the control PTC thermistor (3) is connected in
series with the start PTC thermistor (4), the volume of the
control PTC thermistor (3) is less than 30 mm3, and the
distance between the control PTC thermistor (3) and the start
PTC thermistor (4) is less than 5 mm.
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1
ELECTRONIC CONTROL CIRCUITRY WITH
START UP CAPABILITY

RELATED APPLICATIONS

This application is related to and claims priority to Chinese
Patent Application No. 201310375814.9 filed Aug. 26, 2013,
the entire teachings of which are incorporated herein by this
reference.

TECHNICAL FIELD

Certain embodiments herein are related to a positive tem-
perature coefficient (PTC) thermistor starter, in particular, to
a positive temperature coefficient (PTC) thermistor starter
with low power consumption.

BACKGROUND

A driving circuit of a motor, e.g., for a compressor of a
refrigerator, typically includes a main winding (operation
winding) and a secondary winding (start winding), which are
connected in parallel. In addition to working during motor
start, the main winding continues to work during motor
operation. The secondary winding works only during motor
start. It is effectively disconnected and not used after motor
start. According to conventional techniques, a PTC (Positive
Temperature Coefficient) thermistor can be connected in
series with the secondary winding. During motor start, both
the main winding and the secondary winding work (that is,
current flows) and the PTC thermistor has a low initial resis-
tance which allows large current to flow through. During
normal motor operation, when current continues to flow
through the main winding and corresponding PTC thermistor,
the PTC thermistor is heated with its resistance increasing
rapidly, only low current passes through the circuit with the
secondary winding and thus the secondary winding is taken
out of functional service—as desired; due to the high resis-
tance of the PTC thermistor. Such low current maintains the
high resistance of the PTC thermistor being heated and pro-
duces about 3 W power consumption. Such power consump-
tionis a waste of electric power because it is not used to power
a respective motor.

Chinese patent application CN1168022A discloses a
motor starting circuit, including a starting PTC, a TRIAC (a
TRIode for Alternating Current) connected in series with a
secondary winding, and a control PTC connected in parallel
with a starting PTC, wherein one terminal of the control PTC
is connected with the Gate of the TRIAC. When the motor
starts, a trigger signal is provided to the Gate through the
control PTC. Thus, the TRIAC is ON and the starting current
flows through the secondary winding through the starting
PTC. After the start of the motor, the starting PTC is heated
itself as a result of its resistance increasing in passing current.
Thus, the current through the secondary winding decreases.
At the same time the resistance of the control PTC increases.
Thus, the current flowing through the gate decreases and the
TRIAC is turned OFF. In this state, ON current flows through
the start PTC and the control PTC. Thus, the waste of the
electric power is greatly decreased.

InCN1168022, since the starting PTC and the control PTC
are connected in parallel, the staring current flows through the
control PTC directly with large impact and thus the life of the
control PTC is affected. In addition, with low current, since
the starting PTC and the control PTC are connected in paral-
lel, the half wave cycle becomes too long due to difference of
the sensitivity of the gate depending on the trigger way, and
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the motor produces noise and fluctuation during rotation. In
addition, since the volume of the control PTC is positively
correlated with ON/OFF time, in order to avoid too short OFF
time which may lead the motor failing to start, it is necessary
that the volume of the control PTC is larger than 30 mm?>
under 100° C. Thus, the operation space is limited.

BRIEF DESCRIPTION

Embodiments herein include providing an improved motor
start circuit solving one or more technical problems as dis-
cussed above.

In accordance with one non-limiting example embodi-
ment, a PTC starter according to the present disclosure,
includes a housing, a first conductive terminal, a second con-
ductive terminal, a control PTC thermistor, a start PTC ther-
mistor and a TRIAC, wherein the control PTC thermistor, the
start PTC thermistor and the TRIAC are disposed in the
housing, the start PTC thermistor being connected in series
with the TRIAC, one electrode of the control PTC thermistor
being connected with the gate of the TRIAC, the control PTC
thermistor being connected in series with the start PTC ther-
mistor.

In accordance with further embodiments, the volume ofthe
control PTC thermistor is less than 30 mm?, and the distance
between the control PTC thermistor and the start PTC ther-
mistor being less than 5 mm (millimeters).

In one non-limiting example embodiment, the volume of
the control PTC thermistor is less than 10 mm? (cubic milli-
meters).

In another non-limiting example embodiment, the distance
between the control PTC thermistor and the start PTC ther-
mistor is less than 3 mm.

Further embodiments herein include an apparatus. The
apparatus comprises: a TRIAC (TRIode for Alternating Cur-
rent); a control PTC (Positive Temperature Coefficient) ther-
mistor, the control PTC thermistor coupled to a gate of the
TRIAC to control an amount of current passing through the
TRIAC; and a start PTC thermistor, the start PTC thermistor
in thermal communication with the control PTC thermistor,
heat generated by the start PTC thermistor controlling a tem-
perature of the control PTC thermistor.

In accordance with further embodiments, the start PTC
thermistor is disposed in series with the control PTC ther-
mistor.

The start PTC thermistor is disposed in series with the
TRIAC.

In accordance with further configurations, a series circuit
path through the TRIAC and the start PTC thermistor controls
current through a winding in a respective motor. The motor
can include any number of windings. In one embodiment, the
winding controlled by the series circuit path is a secondary
winding (start winding) in the respective motor. Via the series
circuit path, the secondary winding is activated during start up
of' the respective motor. The transfer of the heat generated by
the start PTC thermistor to the control PTC thermistor
increases a respective resistance of the series circuit path. The
increased resistance of the series circuit path substantially
reduces the amount of current passing through the TRIAC
and the corresponding secondary winding. Thus, after start up
of'the respective motor, current through the second winding is
substantially reduced.

These and other more specific embodiments are disclosed
in more detail

As discussed herein, techniques herein are well suited for
controlling one or more windings in a respective motor. How-
ever, it should be noted that embodiments herein are not



US 9,350,276 B2

3

limited to use in such applications and that the techniques
discussed herein are well suited for other applications as well.

Additionally, note that although each of the different fea-
tures, techniques, configurations, etc., herein may be dis-
cussed in different places of this disclosure, it is intended,
where suitable, that each of the concepts can optionally be
executed independently of each other or in combination with
each other. Accordingly, the one or more present inventions as
described herein can be embodied and viewed in many dif-
ferent ways.

Also, note that this preliminary discussion of embodiments
herein purposefully does not specify every embodiment and/
or incrementally novel aspect of the present disclosure or
claimed invention(s). Instead, this brief description only pre-
sents general embodiments and corresponding points of nov-
elty over conventional techniques. For additional details and/
or possible perspectives (permutations) of the invention(s),
the reader is directed to the Detailed Description section and
corresponding figures of the present disclosure as further
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a PTC starter
according to embodiments herein.

FIG. 2 is a schematic view showing the PTC starter con-
nected in a motor driving circuit to drive a corresponding
motor according to embodiments herein.

FIG. 3 is a diagram illustrating an example of internal
details of a TRIAC according to embodiments herein.

FIG. 4 is an example diagram illustrating an aperture in a
respective housing enabling a transfer of heat between a main
PTC thermistor and a control PTC thermistor according to
embodiments herein.

The foregoing and other objects, features, and advantages
of the invention will be apparent from the following more
particular description of preferred embodiments herein, as
illustrated in the accompanying drawings in which like ref-
erence characters refer to the same parts throughout the dif-
ferent views. The drawings are not necessarily to scale, with
emphasis instead being placed upon illustrating the embodi-
ments, principles, concepts, etc.

DETAILED DESCRIPTION AND FURTHER
SUMMARY OF EMBODIMENTS

FIG. 1 shows an exploded perspective view of the PTC
starter of the present disclosure. As shown in FIG. 1, the PTC
starter includes a housing including a cover 1 and a base 2; a
control PTC thermistor 3; a start PTC thermistor 4; a TRIAC
5, a first terminal 6, and a second terminal 7. When the starter
is connected to a motor driving circuit, the first terminal 6 and
the second terminal 7 are respectively connected to terminals
of the motor’s main winding (run winding) and that of the
motor’s secondary winding (start winding). By way of non-
limiting example embodiment, the TRIAC 5 can be any suit-
able components such as part numbers NXP BTA206-800CT,
BI137-600-OT, etc.

In one embodiment, the control PTC thermistor 3, the start
PTC thermistor 4, and the TRIAC 5 reside in the housing. The
housing can include a corresponding aperture (a window)
enabling heat to flow from the start PTC thermistor 4 to the
control PTC thermistor 3. An example of this is shown in FIG.
4.

As indicated by node 215, a first electrode (or first axial
end) of the control PTC thermistor 3 is electrically connected
to the gate, G, of the TRIAC (also shown in FIG. 2). As
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indicated by node 220, a first electrode A2 (or second axial
end) of the control PTC thermistor 3 is electrically connected
with both the first main electrode of the TRIAC 5 and the first
electrode of the start PTC thermistor 4. In one embodiment,
the first electrode and second electrode of the control PTC
thermistor 3 are sufficiently small to prevent dissipation of
heat to other components.

As shown, the first electrode A1 (node 225) of the TRIAC
5 and the second electrode 230 of the start PTC thermistor 4
are electrically connected with to the first terminal 6 and the
second terminal 7, respectively. In other words, the electrode
225 (A1) is connected to terminal 6 of the secondary winding
L2 of motor 250. Node 230 is connected to terminal 7.

FIG. 2 is a schematic view showing the PTC starter ther-
mistor 4 being connected in the motor driving circuit. As
shown and previously discussed, the start PTC thermistor 4 is
connected in series with the TRIAC 5. The first electrode
(node 215) of the control PTC thermistor 3 is electrically
connected to the gate G of the TRIAC 5. As further shown, the
control PTC thermistor 3 is connected in series with the start
PTC thermistor 4. Current through the control PTC ther-
mistor 3 and corresponding gate of the TRIAC 5 control the
degree to which current is allowed to flow through corre-
sponding winding [.2.

In one embodiment, the resistance of the control PTC
thermistor 3 is substantially or greatly larger than the resis-
tance of the start PTC thermistor 4. By way of non-limiting
example embodiment, the resistance of the start PTC ther-
mistor 4 can be 3.9~68€2 when the temperature is under 25°
C. with a steady power below 3 W. Additionally, the resis-
tance of the control PTC thermistor 3 can be 3000~6000€2
when the temperature is under 25° C. with a steady power
below 0.30 W.

Optionally, the starter may include an elastic support 8
(FIG. 1) for the start PTC thermistor 4. The elastic support 8
contacts the second electrode of the start PTC thermistor 4
and applies an elastic force thereon, so as to form a reliable
contact between the terminal 7 and the second electrode of the
start PTC thermistor 4 as well as the second terminal 9.
Optionally, the control PTC thermistor 3 is sandwiched
between two elastic supports 9, 10. One support 9 forms a
reliable contact between the second electrode of the control
PTC thermistor 3 and the first electrode of the start PTC
thermistor 4 and TRIAC heatsink (terminal A2). Another
support 10 forms a reliable contact between the first electrode
of'the control PTC thermistor 3 and the gate of the TRIAC 5.

When the motor 250 is powered (based on the application
of voltage from voltage source 260) and begins to start, cur-
rent flows through the start PTC thermistor 4 and the control
PTC thermistor 3 to the gate G of the TRIAC 5. The start PTC
thermistor 4 and the control PTC thermistor 3 are initially at
a normal temperature (such as ambient temperature of air
assuming that they are cooled sufficiently). In such an
instance, as mentioned above, they have a low resistance
during the motor 250 start condition during which voltage
from voltage source 260 is applied across a combination of
motor winding [.2 and terminal 7. In one embodiment, the
voltage source 260 is an alternating current or AC voltage
source such as 110 VAC or 220 VAC. The current through the
gate G is large enough for the TRIAC 5 to turn on. Thus, large
current for starting the motor 250 flows through the secondary
winding [.2 through the start PTC thermistor 4 and the TRIAC
5.

After the motor has been started, such as after a certain
amount of time when a respective shaft of the motor the motor
turns, the current flows through the start PTC thermistor 4 and
causes the start PTC thermistor 4 to be heated, increasing its
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temperature. A substantial current through the start PTC ther-
mistor 4 can result in the control PTC thermistor 3 heating up
quickly such as within less than several seconds. In certain
embodiments, the PTC thermistor 3 heats up on the order of
milliseconds, microseconds, etc.

In accordance with further embodiments, start PTC ther-
mistor 4 starts out at around 4.7 to 30 ohms at 20° C. (around
room temperature) before application of voltage source 260.
Application of voltage source 260 as shown causes current to
flow through the start PTC thermistor 4 and winding 1.2.
Based on a flow of current, the start PTC thermistor 4 heats up
to greater than a temperature such as 100° C. after around 600
milliseconds of applying voltage source 260. The control
PTC thermistor 3 receives sufficient heat from start PTC
thermistor 4 (through aperture 410 of partition 420 in FIG. 4)
heating it to a temperature such as greater than 100° C. In
other words, since the start PTC thermistor 4 and the control
PTC thermistor 3 are thermally close to each other (e.g., there
is an air gap separating the start PTC thermistor 4 and the
control PTC thermistor 3) in the housing, the heat from the
start PTC thermistor 4 heats the control PTC thermistor 3.

Initially, as mentioned, prior to application of voltage
source 260, the control PTC thermistor 3 has a resistance
value of between 3000 and 6000 ohms at 25° C. As previously
discussed, when heated up above a temperature such as 100°
C. based on heat received from start PTC thermistor 4, the
control PTC thermistor 3 becomes a higher resistance (such
as greater than 50 kohms). As the control PTC thermistor 3 is
heated, its temperature increases. The increase temperature
increases a resistance of the control PTC thermistor 3, reduc-
ing an amount of current inputted to the gate G of TRIAC 5.
In other words, in such an instance, in response to the
increased temperature, the resistance of the PTC thermistor 3
increases rapidly and the current through the corresponding
gate decreases rapidly. This causes the TRIAC 5 to turn sub-
stantially OFF so as to cut off substantially most, if not all, of
the current through the secondary winding 1.2.

Since the motor has started, there is no longer need to drive
current through the TRIAC 5 and the start PTC thermistor 4 to
secondary winding [.2. In other words, after the start PTC
thermistor 4 heats the control PTC thermistor 3, shutting off
the TRIAC 5. A high thus impedance path is formed between
node 225 and node 230. In such an instance, current no longer
flows (or is substantially reduced) through the secondary
winding [.2. Current continues to flow through winding 1.1,
causing the shaft of the motor 250 to turn. In one embodiment,
there is enough current through the control PTC thermistor 3
such that it stays hot enough (and in a high resistance state) to
prevent large currents from flowing through the TRIAC
between node Al to node A2.

In one non-limiting example embodiment, the control PTC
thermistor 3 is connected in series with the start PTC ther-
mistor 4 as shown. In this state, the motor can be started easier
than an alternate configuration in which the control PTC
thermistor 3 is connected in parallel with the start PTC ther-
mistor 4. For example, the control PTC thermistor 3 is heated
by the start PTC thermistor 4 instead of by its own respective
pass-through current. Thus, the control PTC thermistor 3 will
not suffer from a large start current impact. Compared to a
configuration in which the control PTC thermistor 3 and the
start PTC thermistor 4 are connected in parallel, according to
embodiments herein in which the control PTC thermistor 3
and the start PTC thermistor 4 are connected in series as
shown in FIG. 2, the life of the control PTC thermistor 3 is
longer and the safety is higher.

In further embodiments, the volume occupied by the con-
trol PTC thermistor 3 (component) is very small such as less
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than 30 mm>. By way of non-limiting example embodiment,
the volume occupied by the control PTC thermistor 3 can be
less than 10 mm®. Thus, the power of the control PTC ther-
mistor 3 is low and the operation space for connection
becomes large. As previously discussed, the control PTC
thermistor 3 and the start PTC thermistor 4 can be positioned
very close (such as touching or in close thermal communica-
tion via an air gap) to each other such as less than 5 mm so as
to transfer heat between each other via radiation and/or con-
vection. In one embodiment, the control PTC thermistor 3 and
the start PTC thermistor 4 are disposed to be less than 3 mm
apart, although these components can be spaced by any suit-
able amount. As previously discussed, during the start mode
of the motor 250, the eventual transfer of heat from the start
PTC thermistor 4 to the control PTC thermistor 3 results in a
substantially high resistance between node 225 and node 230.
In accordance with further embodiments, either or both of the
start PTC thermistor 4 control PTC thermistor 3 can be coated
with a suitable material such as a dark layer of material (such
as paint) to increase the effectiveness of the thermal coupling
between each other. In other words, black or dark bodies are
more efficient at radiating and absorbing heat.

In accordance with further embodiments such as when the
control PTC thermistor 3 is connected in series with the start
PTC thermistor 4 as previously discussed, vibration of the
compressor due to half wave cycle is substantially reduced
and/or eliminated.

While this invention has been particularly shown and
described with references to preferred embodiments thereof,
it will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the present application
as defined by the appended claims. Such variations are
intended to be covered by the scope of this present applica-
tion. As such, the foregoing description of embodiments of
the present application is not intended to be limiting. Rather,
any limitations to the invention are presented in the following
claims.

We claim:

1. A PTC starter, apparatus to deliver input current to a
motor winding, the PTC starter apparatus comprising:

a housing;

a control PTC thermistor;

a start PTC thermistor;

a TRIAC device; and

wherein the control PTC thermistor, the start PTC ther-

mistor and the TRIAC are disposed in the housing, the
start PTC thermistor being connected in series with the
TRIAC device, the input current flowing through the
start PTC thermistor and the TRIAC device to the motor
winding, wherein a first electrode of the control PTC
thermistor is connected to a gate (G) of the TRIAC
device, and wherein a second electrode of the control
PTC thermistor is connected to an intermediate node
electrically connecting the start PTC thermistor and the
TRIAC device, the control PTC thermistor operable to
convey a control current from the intermediate node to
the gate of the TRIAC device to control the input current
delivered to the motor winding.

2. The PTC starter apparatus according to claim 1, wherein
the volume of the control PTC thermistor is less than 10 mm®.

3. The PTC starter apparatus as in claim 2 wherein the
resistance of the control PTC thermistor is 3000~6000€2
under 25° C. with a steady power below 0.30 W.

4. The PTC starter apparatus according to claim 1, wherein
the distance between the control PTC thermistor and the start
PTC thermistor is less than 3 mm.
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5. The PTC starter apparatus as in claim 4 wherein the
resistance of the control PTC thermistor is 3000~6000€2
under 25° C. with a steady power below 0.30 W.

6. The PTC starter apparatus as in claim 1, wherein the
resistance of the control PTC thermistor is 3000~6000€2
under 25° C. with a steady power below 0.30 W.

7. The PTC starter apparatus according to claim 1, wherein
the resistance of the control PTC thermistor is substantially
larger than a resistance of the start PTC thermistor.

8. The PTC starter apparatus according to claim 1, wherein
the resistance of the start PTC thermistor is 3.9~68€ under
25° C. with a steady power below 3 W.

9. The PTC starter apparatus as in claim 1, wherein, the
volume of the control PTC thermistor is less than 30 mm?, and
the distance between the control PTC thermistor and the start
PTC thermistor is less than 5 mm.

10. The PTC starter apparatus as in claim 1 further com-
prising:

apath disposed in the housing, the path facilitating heat to
flow from the start PTC thermistor to the control PTC
thermistor, the heat causing the control PTC thermistor
to increase in resistance and reduce a magnitude of the
control current inputted to the gate of the TRIAC device,
the reduced magnitude of the control current causing the
TRIAC device to reduce a magnitude ofthe input current
to the motor winding.

11. The PTC starter apparatus as in claim 10, wherein the
path passes through a window disposed between the start PTC
thermistor and the control PTC thermistor, the input current
through the start PTC thermistor causing the start PTC ther-
mistor to produce the heat.

12. The apparatus as in claim 11, wherein a first node of the
control PTC thermistor is electrically coupled to the gate
node of the TRIAC and a second node of the control PTC
thermistor is electrically coupled to an intermediate node
coupling the TRIAC to the start PTC thermistor.

13. An apparatus to provide input current to a motor wind-
ing, the apparatus comprising:

a TRIAC (TRlode for Alternating Current)to control con-

veyance of the input current to the motor winding;

a control PTC (Positive Temperature Coefficient) ther-
mistor, the control PTC thermistor coupled to a gate of
the TRIAC to control a magnitude of the input current
passing through the TRIAC to the motor winding; and
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a start PTC thermistor, the start PTC thermistor in thermal
communication with the control PTC thermistor, heat
generated by the start PTC thermistor controlling a tem-
perature of the control PTC thermistor, the temperature
of the control PTC thermistor controlling the magnitude
of the input current passing through the TRIAC to the
motor winding.

14. The apparatus as in claim 13, wherein the start PTC
thermistor is disposed in series with the control PTC ther-
mistor; and

wherein the temperature of the control PTC thermistor
controls a magnitude of control current inputted through
the start PTC thermistor to the gate of the TRIAC.

15. The apparatus as in claim 14, wherein the start PTC

thermistor is disposed in series with the TRIAC.

16. The apparatus as in claim 15, wherein a series circuit
path through the TRIAC and the start PTC thermistor controls
the motor winding in a respective motor.

17. The apparatus as in claim 16, wherein the motor, wind-
ing is a secondary winding in the respective motor, the sec-
ondary winding activated during start up of the respective
motor.

18. The apparatus as in claim 17, wherein the transfer of the
heat generated by the start PTC thermistor to the control PTC
thermistor increases a respective resistance of the series cir-
cuit path.

19. The apparatus as in claim 18, wherein the increased
resistance of the series circuit path substantially reduces the
amount of current passing through the TRIAC and the sec-
ondary winding.

20. The apparatus as in claim 14, wherein conveyance of
the heat from the start PTC thermistor to the control PTC
thermistor causes a resistance of the control PTC thermistor
to incrase, the increased resistance ofthe start PTC thermistor
reducing a magnitude of the control current conveyed through
the control PTC thermistor to the gate of the TRIAC, the
reduced magnitude of the control current reducing the mag-
nitude of the input current delivered to the motor winding
through the TRIAC.

21. The apparatus as in claim 13, wherein the control PTC
thermistor and the start PTC thermistor are coated with a dark
material, facilitating a transfer of the heat generated by the
start PTC thermistor to the control PTC thermistor.
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